This paper describes the inuence of phosphorus incorporation into SiO2/4H-SiC system. The main scope is an analysis of the slow responding trap states (near interface traps) since the inuence of phosphorus technology on fast traps has already been investigated by numerous research groups. Two dierent phosphorus incorporation methods were incorporated the diusion-based process of POCl3 annealing and ion implantation. We have shown that regardless of method used a new distinct near interface trap center can be found located approximately at EV + 3.0 eV. This trap can be related to the incorporated phosphorus amount as shown through secondary ion mass spectroscopy measurements.
was implanted with phosphorus through thin stopping mask to achieve the shallow implantation prole in SiC substrate. The implantation was performed using ion energy of 100 keV. Samples were not subjected to postimplantation annealing to avoid silicon carbide doping
Next the samples were thermally oxidized under the same conditions as the rst set. The last sample (#9) was not subjected to any phosphorus process and was only thermally oxidized. This sample is used as a reference. All parameters of the described processes are shown in Table. In case of all samples the dielectric lms were used as a gate dielectric in MOS capacitors Those capacitors were (1100)
The Eect of Phosphorus Incorporation into SiO 2 /4H-SiC (0001) Interface. . . 1101 used for electrical characterization using time-dependent CV measurements to extract the response of trap states with long emission time constants (NITs). The electrical response of NITs was investigated based on Fleetwood's method [8] , developed and described by Gutt [9] . To correlate the electrical results with the presence of phosphorus, secondary ion mass spectroscopy (SIMS) measurements of investigated samples were carried out. 
where I x is a measured ion current associated with given element, I 0 is primary ion current, S γ is the eciency of secondary ion emission, Ω is a solid angle of detection, τ is the transmission coecient of the detection system and C x is the element concentration.
By calculating the ratio of the two ion currents we obtain expression
Since our research is focused on interface region by selecting the element that can be assumed to have constant relation of S γ P /S γ y and concentration near interface region the ratio of ion current is proportional to concentration of phosphorus [10, 11] . In SiO 2 /SiC system this element can be carbon since its concentration is known in bulk material and the oxidation process is carried out with the same conditions in all samples resulting in similar carbon concentration prole near the interface. Therefore all SIMS results are shown here as a ratio of I P /I C where the abscissa represents the measurement time. The origin of abscissa is set at the time when the joint beam started to etch SiC bulk calculated as the time when signal rises to 90% of signal gathered from bulk material.
Results
The basis for our investigation were electrical measurements performed using capacitance versus voltage stress time method. This method is based on the observation that the trap capturing process can be fully-controlled by the applied voltage and can be much faster than the emission process which is related to the emission coef- emission times. This peak is marked as P 1 With increasing the annealing temperature the additional signal marked as P 2 can be detected Performing deconvolution of the ∆C characteristics using the Lorentz curve tting the location of this additional peak was calculated at E V + (2.9 ÷ 3.05) eV. of magnitude higher phosphorus concentration comparing to sample #5. Those samples show the presence of the P 2 peak (Fig. 3 ). The energy location of P 2 peak was calculated at E V + (2.93 ÷ 3.04) eV and it corresponds to the rst set of samples. However, unlike in the previous set there were no P accumulation at interface eect which was observed for sample #4. In complete contrast to POCl 3 -based processes described above, P implantation does not cause a quasi-continuous trap proling, only additional maxima introduced by phosphorus incorporation. In this case, it was possible to estimate the charge accumulated for 1 h accurately based on [8] by phosphorus has been related to carbon defects passivation by replacing C atom in threefold coordinated carbon defect by P or P=O [14] or passivation of carbon and silicon dangling bonds at the interface [3, 4] . Since the threefold coordinated carbon defect has been shown to be stable in silica matrix [4] and being able of growing into oxide. This defect was suggested as the main cause for NIT traps formation in simple dry oxidation process. Up to date only the dangling silicon bond defect was conrmed by theoretical calculations [15] . This is interface defect but it can result in forming PSG compound near the interface region. In fact, XPS measurements of SiO 2 /SiC interface with phosphorus have shown a presence of phosphorus 2p peak at 133.9 eV which is in conformity with the spectrum of the P 5+ state [16] .
Our results does not conrm the correlation between SIMS signal from carbon and phosphorus thus the forming of P=O or other PSG compounds is the most probable cause. Since our ndings show that the creation of the described defect needs structural rearrangement we conclude that the most probable origin of this defect is phosphorus bonded to dangling Si bonds forming PSG glass during rearrangement However the nature of this defect needs further investigation.
